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The discoveries that GRBs have X-ray, optical and radio afterglows
have connected the study of GRBs to the rest of astronomy, and
revolutionized the field. In this review, I discuss the implications
that the observation of these afterglows have for burst energies and
luminosities, and for models of the bursts and their afterglows. I
describe recent evidence linking the long, softer, smoother GRBs
detected by BeppoSAX and core collapse supernovae. Finally, I
summarize recent work showing that, if these GRBs are due to the
collapse of massive stars, they may provide a powerful probe of the
very high redshift universe.
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1 Introduction
Gamma-ray bursts (GRBs) were discovered serendipitously more than a quar-
ter century ago [1]. The bursts consist of short, intense episodes of gamma-ray
emission, lasting anywhere from ∼ 10−2 seconds to ∼ 103 seconds. The time
histories of GRBs are diverse, as Figure 1 illustrates. However, studies of the
time histories have shown that the bursts can be separated into two classes:
short, harder, more variable bursts; and long, softer, smoother bursts [3,4]
(see Figure 2). Burst spectra are nonthermal; the photon number spectrum is
a broken power law, with average slopes ∼ −1.5 and ∼ −2.5 at low and high
energies and a shoulder at 100 keV - 1 Mev [5,6].
The data gathered by the Burst and Transient Source Experiment (BATSE) on
the Compton Gamma-Ray Observatory confirmed earlier evidence of a rollover
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Fig. 1. Four GRB time histories of GRBs 980920, 980923, 981021, and 981203.
These four bursts occurred within about two months, illustrating the diversity of
GRB time histories. [2]
in the cumulative brightness distribution of GRBs, showing that the burst
sources are inhomogeneously distributed in space [7]. The data also showed
that the sky distribution of even faint bursts is consistent with isotropy [7] (see
Figure 3). This combination of results implies that we are at, or near, the center
of the spatial distribution of burst sources and that the intrinsic brightness
and/or spatial density of the sources decreases with increasing distance from
us.
The BATSE results showed that the bursts cannot come from a population of
neutron stars in a thick Galactic disk (as was previously thought) and spurred
interest in the possibility that the sources of the bursts lie at cosmological
distances. Yet the evidence remained circumstantial. Consequently, the GRB
distance scale – and even more, the nature of the burst sources – was debat-
able [8,9]. The principal reason for the continuing uncertainty in the distance














Fig. 2. Distribution of duration (as measured by the time interval containing 90%
of the photon counts) versus spectral hardness (as measured by the ratio of fluence
in the 50 - 100 keV and 100 - 300 keV energy bands) for bursts in the BATSE
4B catalog [2] (diamonds), showing clear evidence for two classes of bursts: short,
harder, more variable bursts; and long, softer, smoother bursts. Events detected by
BeppoSAX (solid squares) belong to the latter class. From [13].
at other wavelengths, despite intense efforts spanning more than two decades.
Consequently, the study of GRBs was isolated from the rest of astronomy.
Scientists studying them had only the laws of physics and the properties of
the bursts themselves to guide them in attempting to solve the GRB mystery.
The relatively accurate (3’) gamma-ray burst positions found using Bep-
poSAX, and disseminated within a day or so, revolutionized the field. They
Fig. 3. The positions in Galactic coordinates of the GRBs in the BATSE 4B cata-
log [2], showing the isotropy of the burst sky distribution [7].
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